Introduction
Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitides (AAV) are pauci-immune necrotizing systemic vasculitides that affect 116 predominantly small-sized vessels, and are associated with ANCA against proteinase 3 (PR3) and myeloperoxidase (MPO). AAV include granulomatosis with polyangiitis (GPA) (formerly Wegener's), microscopic polyangiitis (MPA), eosinophilic granulomatosis with polyangiitis (EGPA) (formerly Churg-Strauss) and renal limited vasculitis (RLV) [1, 2] . Kidney involvement is observed in 70-88% of patients with GPA and MPA during follow-up [3] [4] [5] , and is associated with an increased risk of mortality [5] .
High mobility group box 1 (HMGB1) is a nuclear protein that can be released passively by necrotic cells or secreted actively by activated cells.
Once in the extracellular milieu, HMGB1 triggers proinflammatory reactions activating both innate and adaptive immunity [6, 7] . HMGB1 has been shown to induce the proliferation and survival of T cells [8, 9] . However, the influence of HMGB1 on T helper cell polarization is still controversial, as it has been demonstrated that HMGB1 is involved in stimulating a T helper type 1 (Th1) response by dendritic cells [9, 10] while directly inducing a Th17 response on CD4 + T cells in vitro and in vivo in experimental autoimmune myocarditis [11, 12] . Furthermore, inhibition of regulatory T cell activity with a decreased expression of cytotoxic T lymphocyte antigen-4 (CTLA-4) and forkhead box protein 3 (FoxP3), and a decreased secretion of interleukin (IL)-10 after exposure to HMGB1 have also been reported [13, 14] .
In systemic lupus erythematosus (SLE), HMGB1 has been shown to be a good biomarker for active lupus nephritis as both serum and urinary HMGB1 levels are increased in patients with active nephritis compared to patients without nephritis and healthy controls (HC). Moreover, both serum and urinary HMGB1 levels were correlated positively with SLE disease activity index (SLEDAI) and negatively with serum complement levels [15, 16] . Extracellular HMGB1 expression was increased in renal tissue from patients with active lupus nephritis [16, 17] .
In patients with GPA, an association between serum HMGB1 levels and active disease has been observed with either granulomatous manifestations or with active nephritis [18] [19] [20] . Furthermore, HMGB1 expression is stronger in kidney tissue from AAV patients with active nephritis than in those with a normal biopsy [20] . However, in 52 AAV patients at disease presentation, no differences could be found in HMGB1 levels when compared to HC [21] .
There is increasing evidence that T cells play an important role in the pathogenesis of AAV [22] . Infiltrating CD4 + T cells are found within granulomatous lesions, and a persistent activation of CD4 + T cells from peripheral blood is observed in AAV even during remission [23, 24] . The persistent expansion of T cells in AAV patients is associated with a particular subtype of memory CD4 + T cells referred to as effector memory T cells (CD3 + CD4 + CD45RO + CCR7 -) [25] , which are the main cells found in glomerular infiltrates from active AAV patients [26] . The number of CD4 + T cells is increased in urine samples from AAV patients with active glomerulonephritis compared to AAV patients in remission and to AAV patients with disease activity in other organs and systems. CD4 + effector memory T cells are the main T cell subtype found in urine from AAV patients with renal involvement [27] .
Monocyte chemoattractant protein-1 (MCP-1), also designated as CCL2, is a member of the CC chemokine family that acts as a potent monocyte/macrophage attractant to sites of tissue injury and infection [28] .
The expression of MCP-1 is increased in renal tissue, and high urinary MCP-1 levels have been observed in different renal diseases [29] . In AAV, urinary MCP-1 levels are significantly higher in patients with active nephritis than in those without renal involvement, a decrease in urinary MCP-1 levels is observed following therapy and a significant correlation is found between urinary MCP-1 and glomerular macrophage infiltration [30] . Moreover, MCP-1 has been shown to be the best urinary marker to discriminate active renal involvement and remission in AAV [31] .
This study aims to evaluate whether urinary HMGB1 levels are increased in AAV patients with active renal involvement in comparison to HC and to analyse associations of urinary HMGB1 levels with parameters of renal disease activity, CD4 + T cell-and CD4 + effector memory T cell counts in urine and urinary MCP-1 levels.
Materials and methods

Patients and controls
Twenty-four patients with AAV and 12 HC were enrolled. Patients and HC had similar mean age (55.63 ± 13.35 years versus 49.83 ± 7.46 years; p = 0.105) and frequency of females (37.5% versus 58·3%, p = 0.236). In nine patients samples were also obtained during remission, with a mean interval of 36.2 ± 10.5 months from the time of active disease. A diagnosis of GPA and MPA was established according to the European Medicines Agency algorithm [32] , while the diagnosis of RLV was based on the presence of isolated renal involvement, ANCA positivity and/or biopsy-proven pauci-immune necrotizing glomerulonephritis. All AAV patients had active renal involvement and were included either at diagnosis (n = 10) or at the time of relapse (n = 14). Only seven (29.2%) AAV patients were under immunosuppressive therapy when samples were collected ( Table 1) . Active nephritis was characterized by active urinary sediment with glomerular erythrocyturia and/or red blood cell casts associated with abnormalities in serum creatinine or decreased estimated glomerular filtration rate (eGFR) and/or with a renal biopsy showing active pauciimmune necrotizing glomerulonephritis. Disease activity was measured by the third version of the Birmingham Vasculitis Activity Score (BVAS) [33] . Remission was defined as a BVAS = 0, including normal urinary sediment, and stable creatinine/eGFR. Table 1 The cell suspension was processed and analysed and the absolute number of CD4 + T cells and CD4 + effector memory T cells was determined using a previously described protocol [27] . Results were displayed as cells/ml in urine and as x10 6 cells/ml in peripheral blood. In order to correct for variations in urine dilution, urine CD4 + T cell and CD4 + effector memory T cell counts were also expressed as ratios to urinary creatinine. 
Quantification of effector memory T cells
HMGB1 measurement by Western blot in urine
Three ml of urine supernatants, removed after centrifugation, were concentrated between 30 and 300 times with Vivaspin 6 ® tubes (Sartorius Stedim Biotech, Gottingen, Germany). Sodium dodecyl sulphate (SDS) buffer was added to concentrated urine, and the volume of urine loaded to the gel was corrected for concentration factor. Western blot was performed as described previously [20] . In brief, proteins were resolved by 12 
Results
Serum HMGB1 levels
No significant differences were found in serum HMGB1 levels among AAV subsets [GPA: 2.86 (0.56-4.08) ng/ml versus MPA: 1.25 (0.56-7.80) ng/ml versus RLV: 2.36 (1.34-10.61) ng/ml, p = 0.760] ( Fig. 2a) or onset/relapse patients [2·36 (0·56-3·42) ng/ml versus 2.48 (0.88-5.20) ng/ml, p = 0.502] (Fig. 2b) . No significant correlations were found between serum HMGB1 levels and BVAS (rho = 0.073; p = 0.741), proteinuria (rho = 0.102; p = 0.669), urinary MCP1/creatinine ratio (rho = 0.086; p = 0.728) or eGFR (rho = 0.303; p = 0.195). 
Urinary HMGB1 levels
AAV patients with active nephritis presented significantly higher median HMGB1 levels in urine in comparison to HC [10.3 (7.05-18.50) versus 5.8 (4.48-7.01); p = 0.004] (Fig. 3a) . A representative blot used for urinary measurement of HMGB1 is shown in Fig. 3b versus 0.740 (0.360-2.110) p = 0.0078] (Fig. 4) . 
Associations of urinary HMGB1 levels with clinical and laboratory parameters in AAV
No differences could be found in urinary HMGB1/creatinine ratios among different AAV subsets with serum HMGB1 levels in AAV patients, we calculated the correlation coefficient between urinary HMGB1/creatinine ratio and 24-h proteinuria (rho = −0.151; p = 0.515), eGFR (rho = −0.178; p = 0.452), BVAS (rho = 0.018; p = 0.934) and serum HMGB1 (rho = −0.241; p = 0.279). None of these comparisons led to significant correlations.
As the presence of CD4 + effector memory T cells in urine has been
found to reflect renal disease activity in AAV [26] , we evaluated whether urinary HMGB1 could be associated with CD4 + T cell-and CD4 + effector memory T cell counts in urine. A positive correlation was found between urinary HMGB1/creatinine ratio and CD4 + T cells/creatinine ratio (rho = 0.431; p = 0.028) and effector memory T cells/creatinine ratio (rho = 0.403; p = 0.039) (Fig. 5a,b) . The urinary HMGB1/creatinine ratio did not correlate with CD4 + T cells (rho = −0.153; p = 0.498) or with CD4 + effector memory T cells in peripheral blood (rho = −0.222; p = 0.320). Furthermore, urinary CD4 + T celland effector memory T cell counts were not correlated with BVAS (rho = −0.108; p = 0.652 and rho = −0.180; p = 0.449, respectively), proteinuria (rho = 0.105; p = 0.680 and rho = 0.091; p = 0.791, respectively) and eGFR (rho = 0.154; p = 0.542 and rho = 0.152; p = 0.548, respectively). pg/mmol; p = 0.0039] (Fig. 6a) . A positive correlation was found between urinary MCP-1/creatinine ratio with BVAS (rho = 0.447; p = 0.042) ( Fig. 6b) but not with 24-h proteinuria (rho = 0.426; p = 0.069) or with eGFR (rho = −0.152; p = 0.545). In addition, no correlation could be found between urinary HMGB1/creatinine and urinary MCP-1/creatinine levels (rho = −0.164; p = 0.478) or between urinary MCP-1/creatinine ratio and CD4 + T cells/creatinine ratio in urine (rho = 0.300; p = 0·226), CD4 + effector memory T cells/creatinine ratio in urine (rho = 0.243; p = 0.332), CD4 + T cell counts in peripheral blood (rho = −0.060; p = 0.801) and with CD4 + effector memory T cell counts in peripheral blood (rho = −0.147; p = 0.537). 
Discussion
In this study, we observed that AAV patients with active glomerulonephritis present higher urinary HMGB1 levels than HC and patients in remission, and urinary HMGB1 correlates with the number of CD4 + T cells and CD4 + effector memory T cells in urine. However, urinary HMGB1 levels, CD4 + T cells and CD4 + effector memory T cells were not associated with systemic disease activity (i.e. BVAS) or other parameters of renal involvement in AAV (i.e. 24-h proteinuria, eGFR and urinary MCP-1). In contrast, urinary MCP-1 levels were correlated positively with BVAS in AAV patients with active nephritis.
Non-invasive parameters are generally used to monitor disease activity and response to therapy in patients with renal involvement in AAV such as haematuria with dysmorphic red cells, proteinuria and renal function [33] . However, these parameters may not be sufficiently sensitive and specific to differentiate active glomerular vasculitis from permanent damage. Thus, investigation of novel urinary biomarkers to assess active glomerulonephritis in AAV is worthwhile. Levels of urinary MCP-1 have been associated with active renal vasculitis, response to therapy and prognosis in AAV [30, 31] .
Higher urinary MCP-1 levels in active renal vasculitis in AAV rather than changes in circulating MCP-1 seem to reflect increased renal production [30] .
Therefore, we compared urinary MCP-1 as a biomarker for active renal involvement with urinary HMGB1. Indeed, in accordance with a previous study [30] , we found a positive correlation between urinary MCP-1 levels and BVAS. However, urinary HMGB1 levels were not correlated with urinary MCP-1 or BVAS. Thus, increased urinary HMGB1 levels in AAV active nephritis seem to be a reflection of the underlying pathological inflammatory process in the kidney rather than a biomarker for systemic disease activity of AAV in clinical practice. This is the first report demonstrating increased urinary HMGB1 levels in AAV patients with active renal involvement. To date, only serum HMGB1 levels have been evaluated in AAV patients presenting active glomerulonephritis, but associations with parameters of renal involvement have not been analysed [19, 20] . Serum HMGB1 levels are lower in AAV patients with renal involvement at presentation in comparison to non-renal patients [21] and in GPA patients with predominantly vasculitic manifestations than in GPA patients with granulomatous manifestations [19] . Bruchfeld et al., however, observed higher serum HMGB1 levels in AAV patients with active glomerulonephritis than in AAV patients with inactive renal disease [20] .
Serum HMGB1 levels decreased 6-9 months after baseline when a new biopsy showed improvement in renal histopathology and the expression of HMGB1 in renal tissue decreased from active disease to remission [20] .
Similarly to serum levels and tissue expression of HMGB1, urinary HMGB1/creatinine ratio decreased significantly when patients with active nephritis achieved remission in the current study.
Differently from AAV, the association between HMGB1 and renal involvement is well established in SLE. Both serum and urinary HMGB1 levels are higher in SLE patients with active lupus nephritis in comparison to patients without renal involvement and HC [15, 16] . Furthermore, both serum and urinary levels of HMGB1 correlated with SLEDAI and complement levels while serum HMGB1 was also associated significantly with proteinuria and anti-dsDNA levels [15, 16] . Of note, urinary HMGB1 levels have been measured by Western blot, as HMGB1 ELISAs are not validated for measurement in urine. Also serum levels of HMGB1 in SLE patients are detected by Western blot, because of the presence of anti-HMGB1 antibodies in lupus serum [15, 16] . These antibodies are hardly present in AAV patients, so HMGB1 levels can be measured by ELISA in these sera [21] . In lupus nephritis, the cytoplasmic and extracellular expression of HMGB1 in renal tissue was higher than in control renal tissue and did not decrease with followup [16, 17] .
It remains speculative whether urinary HMGB1 in renal AAV results from release by local renal inflammation and infiltrating cells or necrosis in the kidney. The association between urinary HMGB1 and urinary T cells as well as the lack of correlation between urinary HMGB1 and urinary MCP-1 levels, a well-known inflammatory urinary marker [34] , suggests passive release of HMGB1 by necrotic cells from the kidney. HMGB1 released from necrotic cells is in a reduced form and has chemotactic properties, whereas HMGB1 released from activated cells has a disulphide bond between C23 and C45 and C106 in the thiol form. This form of HMGB1 acts differently, as it can induce cytokine production by signalling through Toll-like receptor (TLR)-4 [35] . Clearly, the source of urinary HMGB1 in renal AAV needs further evaluation.
The presence of CD4 + T cells, mainly effector memory T cells, in urine reflects renal involvement in AAV and a reduction in the number of these cells in urine is observed following treatment [27] . Indeed, the number of CD4 + effector memory T cells was increased in urine in AAV patients with active nephritis, but no correlation could be found with BVAS, 24-hour proteinuria and eGFR in this study. However, both CD4 + T cell-and CD4 + effector memory T cell counts in urine were associated with urinary HMGB1. These correlations could indicate a possible interplay between HMGB1 and the adaptive immune response in active nephritis in AAV [8] [9] [10] [11] [12] . Otherwise, the lack of association between urinary MCP-1 levels and CD4 + T cell-and CD4 + effector memory T cell counts in urine could be explained by the fact that the chemoattractant effect of MCP-1 is predominantly exerted on monocytes and macrophages rather than on T cells [28] .
Limitations of this study include the relatively low number of AAV patients evaluated and the lack of comparison with AAV patients with active disease but without renal involvement.
Urinary HMGB1 levels are increased in AAV patients with active nephritis in comparison to HC and decrease when remission is achieved.
Urinary HMGB1 levels correlate with urinary CD4 + T cell-and urinary CD4 + effector memory T cell counts. However, this analysis suggests that urinary HMGB1 reflect renal involvement in AAV less well than urinary MCP-1.
